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     INTRODUCTION 

 Mefloquine is a quinolinemethanol antimalarial that is 
effective as therapy and prophylaxis for patients infected with 
all species of malaria parasites infecting humans, including 
multi-drug resistant  Plasmodium falciparum  found in most 
malaria-endemic regions with the notable exception of parts 
of Southeast Asia. 1–  3  This drug is a chiral compound with two 
asymmetric carbon centers that result in potentially four stere-
oisomers. The marketed anti-malarial drug mefloquine consist 
of two of these isomers, the RS and SR pair (referred here-
after as (+) and (−)). Although both enantiomers have been 
shown to have similar anti-malarial activities, 4,  5  they have been 
shown to have biological differences. 6,  7  

 Mefloquine remains widely used although its clinical util-
ity is impaired by its association with neuropsychiatric side 
effects and gastrointestinal upset that result in a black box 
warning and restrictions on its use in many countries. 8–  12  The 
pharmacological basis of the central nervous system (CNS) 
side effects of mefloquine is not known but two of the most 
reported hypotheses concerning their cause relate to its action 
on the adenosine receptor and its effect on the cholinesterase 
enzyme. For both of these mechanisms, there is a significant 
stereoselective activity of the two enantiomers.  In vitro  studies 
show that (−)-mefloquine is 50–100-fold more potent towards 
adenosine receptors compared with (+)-mefloquine. 6  In addi-
tion, (−)-mefloquine has considerably more anticholinesterase 
activity. 7  It has therefore been hypothesized that (+)-meflo-
quine may have a considerably better CNS safety profile com-
pared with either the racemate or (−)-mefloquine. 

 Whether the gastrointestinal effects, particularly nausea 
and vomiting, result from a CNS-mediated or a local effect is 
unknown. This study was considered exploratory for the inves-
tigation of the relative effect on gastrointestinal symptoms of 
the two study drugs. In the context of intermittent preven-
tive therapy in pregnancy, good gastrointestinal tolerability is 
essential to improve adherence. 

 This study was designed to test the hypothesis that 
(+)-mefloquine is safer and better tolerated compared with 

racemic mefloquine with a focus on CNS and gastrointestinal 
(GI) side effects. 

   MATERIALS AND METHODS 

 (+)-Mefloquine was produced as a capsule-shaped tab-
let. Each tablet contained 219 mg of the drug substance, 
(+)-mefloquine, as the hydrochloride salt; this is equivalent to 
200 mg of free base. Each tablet was over-encapsulated with 
back-filling with lactose to help maintain blinding. The pla-
cebo had the same formulation as (+)-mefloquine except that 
it contained no drug substance. The racemic mefloquine com-
parator is a commercially available product that is registered 
by Medicines and Healthcare Products Regulatory Agency in 
the United Kingdom. Each tablet contained 274 mg of race-
mic mefloquine as the hydrochloride salt; this is equivalent to 
250 mg of free base and was broken in half or in quarters 
before being over-encapsulated with back-filling with lactose 
to help maintain blinding. 

 This study was a randomized, ascending dose, double-blind, 
active and placebo-controlled, parallel cohort study in healthy 
male and female adult volunteers with a body mass index of 
19–28. Persons were excluded if they had a history of taking 
mefloquine. Study approval was obtained from the Welwyn 
Ethics Committee (Hatfield, United Kingdom), and all per-
sons were provided with detailed study information prior 
to signing an informed consent form. The primary objective 
was to describe the dose-concentration effect relationship 
of (+)-mefloquine for safety and tolerability and compare 
its profile with that of racemic mefloquine across a range of 
potentially therapeutic doses and concentrations up to the 
combined exposure of (+) and (−) mefloquine associated with 
the licensed dose of racemic mefloquine. The secondary objec-
tive was to describe the comparative pharmacokinetics of 
(+)-mefloquine and racemic mefloquine. Because (+)-meflo-
quine has a higher clearance compared with (−)-mefloquine, 13  
the dose of (+)-mefloquine needs to be higher compared with 
racemic mefloquine to achieve the same plasma exposure of 
mefloquine. 

 Persons in the first cohort were randomized on a 2:2:1 ratio 
based on a standard computer generated randomization code 
to received 500 mg of racemic mefloquine, 800 mg (+)-meflo-
quine, or placebo. Each person was administered a single dose 
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that was divided into two parts; each part was taken six hours 
apart in keeping with widespread practice with racemic meflo-
quine. 14  All doses were administered after a standard meal of 
cereal, milk, bread, butter, and jam. 

 The decision to escalate was made after a review of the 
safety and pharmacokinetic data that included adverse events 
(AEs), vital signs, 12-lead electrocardiographs (ECGs), and 
laboratory safety data up to and including the seven day post-
dose assessments. Pharmacokinetic data were provided up to 
the 72-hour blood draw. Persons were given a different iden-
tification code for the purposes of the interim data review to 
protect the blind in the follow-up period. There was a mini-
mum interval of 14 days between dosing of sequential cohorts 
when the dose was to be escalated. Stopping rules were in 
place in case of severe or serious adverse events. The highest 
proposed dose of racemic mefloquine and (+)-mefloquine was 
based on the exposures associated with the licensed dose for 
the treatment of malaria. 

 The primary endpoint for the safety analysis was the rela-
tive incidence of a composite of CNS AEs between the treat-
ment cohorts. Secondary safety endpoints were other AEs, 
nausea and vomiting scores, ECG parameters, vital signs, 
profile of mood states (POMS), power of attention compos-
ite endpoint (comprising a composite of simple reaction time, 
choice reaction time, and digit vigilance), cognitive function 
tests (including immediate word recall, picture presentation, 
simple reaction time, digit vigilance, choice reaction time, spa-
tial working memory, numeric working memory, delayed word 
recall, word recognition, picture recognition, Bond-Lader 
Visual Analog Scale of Mood and Alertness, tracking, pos-
tural stability), and sleep evaluation (via actigraphy and the 
Leeds Sleep Evaluation Questionnaire). 15,  16  The Short Form 
POMS consists of 30 adjectives that are rated by persons on a 
five-point scale. Six factors have been derived from these 
states: tension-anxiety, depression-dejection, anger-hostility, 
fatigue-inertia, vigor-activity, and confusion-bewilderment. The 
Leeds Sleep Evaluation Questionnaire comprises 10 self-rating 
100-mm-line analog questions concerned with aspects of sleep 
and early morning behavior. 

 Blood samples were collected for assay of plasma pre-dose; 
6 hours (pre-second part of divided dose where applicable); 
8, 10, 12, 14, 18, and 24 hours (day 1, 0 hours); 36 and 48 hours 
(day 2, 0 hours); and 72 hours (day 3, 0 hours). In addition, 
samples were collected for assay of plasma levels at days 7, 
14, and 42. The endpoints for the pharmacokinetic parameters 
were maximum concentration (C max ), time after administra-
tion of drug when maximum plasma concentration is reached 
(T max ), half-life (t ½ ), area under curve (AUC 0–t ), AUC 0–¥

 , and 
bioavailability (Cl/F). 

  Power calculation.   Assuming a background rate of reported 
CNS AEs of 12.5% and a CNS AE rate with racemic meflo-
quine of 40%, 8–  12,  17,  18  at the 5% level, with a two-sided test, to 
obtain 80% power between two parallel cohorts, 40 volunteers 
per treatment group were required. It was planned to have 
5 cohorts of 20 persons; in each, cohort, 8 persons were to receive 
racemic mefloquine, 8 persons were to receive (+)-mefloquine, 
and 4 persons were to receive placebo. 

    RESULTS 

  Study protocol.   After an uneventful dosing of cohort 1, the 
doses were increased as per protocol for cohort 2 (1,600 mg of 

(+)-mefloquine and 1,000 mg of racemic mefloquine). However, 
after a higher than expected incidence of AEs in cohort 2, an 
 ad hoc  Independent Data Monitoring Committee consisting of 
a clinician with expertise in neuropsychiatry, an experienced 
pharmaceutical physician, and one statistician advised that 
dosing could continue but because of the reports of moderate-
to-severe dizziness and vomiting in cohort 2, an intermediate 
dose between cohorts 1 and 2 was administered. Doses of 
1,200 mg of (+)-mefloquine and 750 mg of racemic mefloquine 
were chosen for cohort 3, which was divided into two sub-
cohorts for logistical reasons. After dosing of the first sub-group 
of cohort 3, a similar AE profile was observed as had been seen 
in cohort 2. After further review by the Independent Data 
Monitoring Committee, the decision was made to cancel further 
dosing based on the recommendation that the objective of being 
able to demonstrate that (+)-mefloquine was substantially safer 
than racemic mefloquine was unlikely to be achieved. 

   Disposition of study participants.   One hundred fifty-three 
persons were screened, and 46 persons were randomized. 
Of these 46 persons, all received study treatment but only 
44 persons completed the study. Two persons given 1,600 mg 
of (+)-mefloquine were withdrawn or withdrew before com-
pletion of the study: Person 31 was withdrawn because of an 
AE of sinus tachycardia, which was considered to be possibly 
related to the study treatment. The AE was diagnosed by ECG 
prior to the administration of the second part of the dose 
(which was not administered) and resolved spontaneously 
three hours later. Person 28 withdrew because she was unable 
to swallow the full complement of capsules. Both of these 
persons were included in the safety and pharmacokinetic 
populations. Demographics of the study population are shown 
in  Table 1 . 

        Pharmacokinetics.   Across all three cohorts, peak con cen-
trations of (+)-mefloquine after administration of racemic 
mefloquine and (+)-mefloquine were observed at 14–18 
hours post-dose in the different cohorts. A secondary peak of 
(+)-mefloquine was observed for some persons, a finding that 
is consistent with entero-hepatic recirculation. After reaching 
C max , the concentrations decreased in a mono-exponential 
manner; mean terminal phase half-lives ranged from 214 to 
290 hours in the different cohorts. This trend was also apparent 
for (−)-mefloquine after administration of racemic mefloquine 
at all three dose levels. For (−)-mefloquine, T max  was slightly 
later (18, 16, and 21 hours in the three cohorts) and T ½  was 
longer (519, 676 and 467 hours in the three cohorts) than its 
antipode. When we compared mefloquine enantiomers after 
administration of racemic mefloquine, C max , AUC 0–t , and AUC 
all appeared approximately 1.6-, 3.0-, and 3.8-fold higher for 
the (−) enantiomer respectively, and CL/F was on average 
3.3 times faster for (+)-mefloquine as previously reported. 

 T max , T ½ , and CL/F, and dose-normalized C max , AUC 0–t , and 
AUC 0–¥

  across cohorts for (+)-mefloquine after administra-
tion of (+)-mefloquine or racemic mefloquine appeared to 
be comparable between males and females study participants. 
For (−)-mefloquine, T max  was comparable between male and 
female participants, but T ½  was on average 30% longer and 
CL/F was 42% lower in female participants after administra-
tion of racemic mefloquine in all cohorts. Additionally, dose-
normalized C max , AUC 0–t , and AUC 0–¥

  of (−)-mefloquine were 
on average up to two-fold higher in female participants. 

 Pharmacokinetic parameter summary for (+) and (−)-
mefloquine after administration of racemic mefloquine and 
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(+)-mefloquine to male and female participants combined are 
shown in  Table 2 . 

        Adverse events.   During the trial, there were 139 AEs. Of 
these AEs, 127 (91.4%) were treatment emergent adverse 
events (TEAEs). Female participants in the study reported 
102 (80.3%) of the TEAEs, and the male participants reported 
only 25 (19.7%) of the TEAEs. Overall, the incidence of AEs 
in persons receiving (+)-mefloquine doses was more than 
three times greater than in persons receiving placebo (odds 
ratio [OR] = 3.1, 95% confidence interval [CI] = 0.19–51.24) 
and approximately 14% more prevalent in persons receiving 
racemic mefloquine than in persons receiving placebo (OR = 
1.14, 95% CI = 0.09–14.91). Comparison of the incidence rates 

between female and male participants for all groups showed 
that female participants had an OR of nearly 15 for a CNS-
related AE (OR = 14.97, 95% CI = 2.51–89.1) compared with 
male participants, irrespective of dose. The most frequently 
reported AEs are shown in  Table 3 , and the incidence of most 
frequently reported AEs by sex is shown in  Table 4 . 

          Most AEs were reported as mild or moderate in inten-
sity. Although there were similar incidence of mild TEAEs 
reported by persons receiving racemic mefloquine (31 events 
in 18 persons), (+)-mefloquine (32 events in 19 persons), and 
placebo (22 events in 12 persons), there appeared to be a 
greater number of moderate and severe events reported by 
persons receiving (+)-mefloquine. In addition, more moderate 

 T able  1 
  Demographics of the study population *   

Cohort No. Statistic Age (years) Height (cm) Body weight (kg) BMI (kg/m 2 ) † 

(+)-mefloquine, 800 mg 8 (4 F, 4 M) Mean 33.6 169 69.36 24.26
Median 36.5 168 68.8 23.95

(+)-mefloquine, 1,600 mg 7 (5 F, 2 M) Mean 27.4 166 62.56 22.7
Median 26 166 63.4 21.7

(+)-mefloquine, 1,200 mg 4 (2 F, 2 M) Mean 39.3 174.3 69.8 22.78
Median 39 175.5 67 22.7

Placebo 9 (4 F, 5 M) Mean 32.6 172.7 73.98 24.58
Median 32 176 72.3 25

Racemic mefloquine, 500 mg 8 (6 F, 2 M) Mean 30.4 168 64.65 22.96
Median 29 167 66 22.25

Racemic mefloquine, 1,000 mg 6 (4 F, 2 M) Mean 28.8 165.7 65.07 23.52
Median 22 163 64.45 23.15

Racemic mefloquine, 750 mg 4 (3 F, 1 M) Mean 34.3 167.8 62.78 22.33
Median 31.5 166 62.7 22.65

  *   BMI = body mass index.  
  †   Mean (SD) BMI for all male and female participants was 23.7 (2.0) kg/m 2  and 23.3 (2.1) kg/m 2 , respectively.  

 T able  2 
  Pharmacokinetic parameters summary for (+)-mefloquine and (−)-mefloquine after administration of racemic mefloquine and (+)-mefloquine to 

male and female study participants *   
Summary statistic C max  (ng/mL) T max  (hr) † AUC 0–t  (mg.hr/mL) AUC (mg.hr/mL) t ½  (hr) CL/F (L/hr)

Cohort 1: (−)-mefloquine after administration of 500 mg of racemic mefloquine (n = 6–8)
Mean 496.9 18.0 241.4 295.4 519.3 0.930
SD 96.4 10.0–72.0 68.4 96.6 129.8 0.330

Cohort 1: (+)-mefloquine after administration of 500 mg of racemic mefloquine (n = 8)
Mean 277.6 14.0 80.0 90.8 279.4 3.199
SD 62.9 10.0–24.0 29.1 35.6 115.3 1.405

Cohort 1: (+)-mefloquine after administration of 800 mg of (+)-mefloquine (n = 8)
Mean 613.8 14.0 181.3 189.3 213.8 4.505
SD 141.9 10.0–36.0 50.0 57.9 49.6 1.079

Cohort 2: (−)-mefloquine after administration of 1,000 mg of racemic mefloquine (n = 6)
Mean 1085.5 16.0 535.8 875.7 675.9 0.733
SD 318.1 14.0–24.0 182.3 479.6 266.9 0.388

Cohort 2: (+)-mefloquine after administration of 1,000 mg of racemic mefloquine (n = 6)
Mean 663.2 16.0 179.5 194.0 259.1 2.938
SD 156.8 12.0–24.0 62.9 73.8 71.9 1.161

Cohort 2: (+)-mefloquine after administration of 1,600 mg of (+)-mefloquine (n = 5)
Mean 1065.5 14.0 347.2 384.5 289.9 4.584
SD 341.4 12.0–48.0 106.5 130.1 80.7 1.582

Cohort 3: (−)-mefloquine after administration of 750 mg of racemic mefloquine (n = 4)
Mean 519.2 21.0 271.5 352.6 466.6 1.101
SD 110.2 18.0–24.0 50.1 70.9 102.87 0.251

Cohort 3: (+)-mefloquine after administration of 750 of mg racemic mefloquine (n = 4)
Mean 338.3 14.0 93.2 100.7 222.4 4.087
SD 58.0 12.0–36.0 30.4 33.4 96.0 1.476

Cohort 3: (+)-mefloquine after administration of 1,200 mg of (+)-mefloquine (n = 4)
Mean 833.3 18.0 234.3 243.8 221.0 5.159
SD 280.3 12.0–36.0 55.4 58.1 22.8 1.345

  *   C max  = maximum concentration; T max  = time after administration of drug when maximum plasma concentration is reached; AUC = area under curve; t ½  = half-life; Cl/F = bioavailability.  
  †   Values are medians and ranges.  
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and severe events were reported by female participants. There 
were 24 moderate events and 5 severe events reported by 
persons receiving (+)-mefloquine, 12 moderate events and 0 
severe events reported by persons receiving racemic meflo-
quine, and 9 moderate events and 1 severe events in persons 
receiving placebo. The incidence of AEs appeared to increase 
in association with doses of (+)-mefloquine, although the low 
numbers of persons exposed at each dose makes this finding 
difficult to evaluate. 

 There were no obvious or consistent dose-related changes 
for any laboratory test results except for a transient isolated 
elevation in the bilirubin level in one person receiving racemic 
mefloquine. In terms of cardiovascular risk, persons receiv-
ing up to 1,200 mg of (+)-mefloquine or 1,000 mg of racemic 
mefloquine did not show any changes in ECG parameters, 
including QTc prolongation. 

   Gastrointestinal side effects.   Persons were asked to 
complete a visual analog scale to indicate the extent of nausea 
experienced after administration of study treatment. Scores for 
persons receiving placebo were consistently low throughout 
the study. Both (+)-mefloquine and racemic mefloquine were 
associated with development of nausea and marked measures 
of nausea in the days after drug administration. Changes 
from baseline treatment differences indicate that at 24 hours 
( P  = 0.0314), 36 hours ( P  = 0.0265), 48 hours ( P  = 0.0314), and 
72 hours ( P  = 0.0223), persons receiving (+)-mefloquine were 
more nauseated than persons receiving racemic mefloquine. 
Compared with placebo, persons receiving (+)-mefloquine 
reported statistically significant higher nausea scores; the 
differences between placebo and racemic mefloquine were 
not statistically significant. These results are consistent with 
reported nausea and vomiting AEs reported above. It is 
noteworthy that in most persons experiencing nausea and 
vomiting, the onset of symptoms was relatively late, typically 
starting 12–18 hours post-first administration, and peaking at 

24 hours post-drug administration, which is consistent with a 
central mechanism of action. 

   Cognitive function.   There were decreases in power of 
attention at the highest dose levels of (+)-mefloquine and 
racemic mefloquine but not with placebo. These decreases 
were large in magnitude and statistically significant on 
day 1, but had completely passed by 48 hours post-dose. In 
contrast, there were no consistent changes between the 
study drug groups to the scores for the composite continuity 
of attention, quality of working memory, quality of episodic 
memory or speed of memory. A more consistent pattern 
was seen over the various self-ratings of mood (POMS) and 
sleep parameters. The highest dose of racemic mefloquine 
tested (1,000 mg) consistently disrupted mood and resulted in 
decrements in alertness, calmness and vigor, and increases in 
confusion, fatigue, and tension ( Figure 1 ). For the composite 
total mood disturbance, the changes for racemic mefloquine 
compared with baseline were statistically significant at day 1 
( P  = 0.005) and day 7 ( P  = 0.026). The sleep questionnaire 
further identified evidence of reduced sleep quality, difficulties 
in getting to sleep ( Figure 2 ), difficulties wakening, and poorer 
behavior after waking. The middle dose (750 mg) also showed 
some support for this pattern. Some of these findings waned 
after a few days, but some were seen over the initial two-
week assessment period, although none of these disturbances 
persisted to day 42. In contrast, (+)-mefloquine and placebo 
were relatively free from such effects. 

   With respect to the ability to stand upright without sway-
ing (postural stability), the pattern of results indicated possi-
ble impairments in performance for racemic mefloquine and 
potential improvements for some doses of (+)-mefloquine; no 
differences were observed with placebo. However, these find-
ings were driven by individual persons and were not large 
overall. In addition, the results are confounded by the inability 
of some persons to perform this test because of the AE of diz-
ziness, in which the most severely affected persons could not 
be included in the test and analysis. 

 Sleep quality in terms of parameters involving ease of 
getting to sleep, and behavior after waking showed signs 
of disruption with racemic mefloquine but not (+)-meflo-
quine, and there was some statistical support for these 
effects. For the variable getting to sleep, analysis of variance 
showed statistically significant treatment × visit interaction 
( P  = 0.0011). On days 1 and 2, the highest dose of racemic 
mefloquine (1,000 mg) significantly disrupted getting to sleep 
compared with placebo ( P  = 0.0006 and  P  = 0.0034, respec-
tively). On day 3, the middle dose of (+) mefloquine (1,200 mg) 
and racemic mefloquine (750 mg) also resulted in signifi-
cant difficulties in getting to sleep compared with placebo 
( P  = 0.0461 and  P  = 0.0419 respectively), as did the highest 
dose of racemic mefloquine at this time point ( P  = 0.0345). 
On day 7, the middle dose of (+)-mefloquine (1,200 mg) sig-
nificantly disrupted getting to sleep compared with placebo 
( P  = 0.0483), although this effect was largely observed in only 
one volunteer. 

   Correlation between exposure and adverse events.   Mean 
plasma exposure as measured by C max  and AUC 0–¥

  was greater 
in those persons reporting CNS and GI AEs compared with 
persons who did not report these AEs ( Table 5 ) This trend 
appeared more marked for overall exposure than for C max . For 
example, the mean AUC 0–¥

  for persons reporting either a GI 
or a CNS AE was just more than two times as high compared 

 T able  3 
  Most frequently reported adverse events in the study population  

Treatment/dose (no.)
Dizziness, 
no. (%)

Headache, 
no. (%)

Nausea, 
no. (%)

Vomiting, 
no. (%)

800 mg of (+)-mefloquine (8) 1 (12.5) 4 (50.0) 0 (0.0) 0 (0.0)
1,200 mg of (+)-mefloquine (4) 3 (75.0) 1 (25.0) 3 (75.0) 3 (75.0)
1,600 mg of (+)-mefloquine (7) 3 (42.9) 5 (71.4) 4 (57.1) 3 (42.9)
500 mg of racemic 

mefloquine (8) 2 (25.0) 2 (25.0) 1 (12.5) 0 (0.0)
750 mg of racemic 

mefloquine (4) 2 (50.0) 0 (0.0) 1 (25.0) 0 (0.0)
1,000 mg of racemic 

mefloquine (6) 4 (66.7) 1 (16.7) 1 (16.7) 1 (16.7)
Placebo (9) 1 (11.1) 2 (22.2) 3 (33.3) 1 (11.1)

 T able  4 
  Incidence of most frequently reported adverse events by sex in the 

study population  

  *   Includes reports of dizziness, lightheadedness, loss of balance, and lack of coordination.  

Treatment/dose (no.)

Dizziness * Nausea/vomiting

M F M F

(+)-mefloquine 1/8 (12.5%) 7/11 (63.6%) 2/8 (25.0%) 5/11 (45.4%)
Racemic 

mefloquine 2/5 (40.0%) 7/13 (53.8%) 0/5 (0%) 5/13 (38.5%)
Placebo 0/5 (0%) 1/4 (25.0%) 1/5 (20.0%) 2/4 (50.0%)
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with persons who did not experience these symptoms (598.4 
versus 291.9 μg.hour/mL). 

         DISCUSSION 

 The clinical utility of racemic mefloquine has been com-
promised by its association with CNS and gastrointestinal 
side effects. These effects were also seen in the present study 
and the most common AEs were detrimental effects on mood 
and sleep, nausea, and the ability to focus attention (power of 
attention). New treatment guidelines for the administration of 
mefloquine suggest dividing the dose over a three-day period 
and as part of an artemisinin-based combination, which has 
resulted in the drug being better tolerated than if it was given 
in one dose or as a split dose. 19  However, a modest incidence 
of dizziness is still observed when mefloquine and artemisi-
nin are administered in a three-day regimen (up to 6.6%). 20  
Additionally, the use of mefloquine for intermittent preventive 
therapy in infants and in pregnancy is restricted by high rates 

of nausea and vomiting after single or split administration of 
full therapeutic doses. Pregnant women are more susceptible 
to stimulants of nausea and vomiting, and a drug that is associ-
ated with a higher incidence of these side effects than meflo-
quine would be unacceptable for this population. In Africa, 
mefloquine is still not recommended for use in children or preg-
nant women because of the high incidence of GI side effects, 
especially vomiting, which in children seems to affect drug 
levels in blood and therefore limit its antiparasitic efficacy. 21,  22  

 In terms of its CNS profile, it has been hypothesized that 
at least some of the neuropsychiatric effects could be associ-
ated to the binding of mefloquine to adenosine receptors in 
the CNS and/or its effect on cholinesterase, an enzyme respon-
sible for the breakdown of acetylcholine. The adenosine A 2a  
receptor is co-expressed with the dopamine D 2  receptor within 
the striatum and suppresses its activity. 23–  25  The A 2a  antago-
nists thus increase the activity of the D 2  receptor and have 
been explored as anti-Parkinsonian targets because of their 
stimulation of locomotor activity. 26  The A2a antagonists under 

 F igure  1.    Total mood disturbance change from baseline in the study population. Error bars show mean ± SEM. This figure appears in color at 
 www.ajtmh.org .    

 F igure  2.    Leeds sleep evaluation questionnaire ease of getting to sleep change from baseline in the study population. Error bars show mean 
± SEM. This figure appears in color at  www.ajtmh.org .    
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clinical development, such istradefylline, have been linked to 
nausea in humans. 27,  28  Similarly, cholinesterase inhibitors such 
as donezepil and galantamine, which are used to treat the cog-
nitive symptoms of Alzheimer’s disease by maintaining acetyl-
choline levels, have also been linked to nausea and vomiting. 29  
The adenosine hypothesis appeared to be supported by the 
absence of CNS side effects observed in studies conducted 
with (+)-mefloquine in persons with rheumatoid arthritis. 
However, these studies reported a lower dose resulting in a 
lower exposure (up to 400–600 ng/mL) and a more gradual 
profile to C max  based on a loading-dose regimen. 

 In summary, this study has demonstrated that (+)-meflo-
quine appears to have a more favorable profile compared with 
racemic mefloquine with respect to mood and sleep, which is 
consistent with the observation that adenosine receptor bind-
ing is associated with sleep and mood disturbances. However, 
at the doses required for therapeutic efficacy, (+)-mefloquine 
was associated with a higher than expected incidence of unde-
sirable side effects, in particular, nausea, dizziness, and head-
ache. The mechanism for these side effects is still unclear, but 
at least in the case of dizziness, mood change, sleep disturbance, 
and late-onset nausea and vomiting, the mechanism appears to 
be centrally mediated. Furthermore, the differential neuropsy-
chiatric side effect profile of both substances suggests hetero-
geneity in neuroreceptor binding of the two enantiomers. 

 In conclusion, (+)-mefloquine has a different safety and tol-
erability profile compared with racemic mefloquine but its 
global safety profile is not superior to that of racemic meflo-
quine and its efficacy is likely to be no more than equiva-
lent. Thus, these results do not warrant the development of 
(+)-mefloquine as an alternative to the currently used antima-
larial drugs. Lastly, the AE profile confirms the restricted util-
ity of mefloquine as a preventive therapy in pregnancy. 
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